In this study, some types of composites consisting of multi-walled carbon nanotubes (MWCNTs) and spinel oxide (Co, Ni) 3 O 4 were synthesized by simple evaporation method. These composites were characterized by UV-Vis diffuse refl ectance spectroscopy, X-rays diffraction(XRD), Scanning electron microscopy (SEM) and specifi c surface area(S BET ). The photocatalytic activity of the prepared composites was investigated by the following removal of Bismarck brown G (BBG) dye from its aqueous solutions. The obtained results showed that using MWCNTs in combination with spinel oxide to produced composites (spinel/MWCNTs) which succeeded in increasing the activity of spinel oxide and exhibited higher photocatalytic activity than spinel oxide alone. Also it was found that, multiwalled carbon nanotubes were successful in increasing the adsorption and improving the activity of photocatalytic degradation of Bismarck brown G dye(BBG). The obtained results showed that spinel/MWCNTs was more active in dye removal in comparison with each of spinel oxide and MWCNTs alone under the same reaction conditions. Also band gap energies for the prepared composites showed lower values in comparison with neat spinel. This point represents a promising observation as these composites can be excited using a lower energy radiation sources.
INTRODUCTION
Dyes have long been used in different types of industries such as dyeing, textiles, paper, plastics, leather and cosmetics 1 . Color stuff discharged from these industries pose hazards and has an environmental impact 2 . The presences of dyes in water are causing some problems such as reducing oxygen levels in water; interfering with penetration of sunlight into waters; retarding photosynthesis and interfering with gas solubility in water bodies 3 . Among different types of textile synthetic dyes Azo dyes are important type, and these dyes can be divided according to the presence of azo bonds (-N=N-) in the molecule. These include mono azo, diazo, and triazo 4 . Azo dyes resist the effect of oxidation agents and light, thus they cannot be completely treated by conventional methods of anaerobic digestion 5 . It is necessary to fi nd an effective method for the treatment of these dyes. The degradation of the synthetic dyes can be achieved in the presence of photocatalysts such as zinc oxide, cobalt oxide (Co 3 O 4 ), nickel oxide (Ni 3 O 4 ) and titanium dioxide. These photocatalysts can be used effectively in treatment of pollution of water with these dyes 6 . Among different methods that can be applied in dye treatment, photocatalytic degradation methods seem to be an interesting alternative method that can be used effectively in the removal of these dyes from textile effl uents. According to this method, semiconductors photocatalysts play an important role in dyes removal from their wastewaters 7-10 . These photocatalysts have large surface area, inert, relatively cheap, thermally stable, easy to prepare, and they are easy to be recycled for further usage. Due to all of these excellent properties, they can be widely used in heterogeneous catalyst preparation 11, 12 . Generally, cobalt oxide (Co 3 O 4 ) has important catalytic properties which enable it to be used for many environmental applications. Cobalt oxide is an important catalyst that can be used effectively for oxidation of many types of volatile organic compounds. Nickel oxide has a distorted structure due to the presence of excess oxygen that make holes between the neighboring ions of Ni 2+ ions. This leads to oxidation of Ni 2+ to Ni 3+ , it's believed that this process is responsible for the oxide color
13, 14
. Generally, the above oxides can be used singly, coupled as well as a supported co-catalyst as a heterogeneous photocatalyst in the heterogeneous photocatalytic systems. One important application of these systems is their utilization in photocatalytic degradation of environmental pollutants. Currently, many efforts were directed towards modifying the electronic band of semiconductors such as metal/nonmetal doping, photosensitization with dyes and coupling with secondary semiconductors. The common materials which used to make coupling effect between adsorption 15, 16 and photocatalysis are the carbonaceous species such as mesoporous carbons
17
, carbon nanofi bers
18

, graphenes
19, 20 and Carbon Nanotubes 21-28 . Carbon nanotubes can be classifi ed to single-walled carbon nanotubes (SWCNTs) and multi-walled carbon nanotubes (MWCNTs). Electrical properties of CNTs are mainly dependent on the chiral angle and according to this value CNTs exhibit either metallic or semiconducting properties
29-35
. The present study involves the synthesis of composites of MWCNTs/spinel at different ratios (0.5, 1, 5, 10% MWCNTs/(Co, Ni) 3 O 4 . The activity of both spinel and composites were investigated by removal of BBG from simulated textile wastewaters over a suspension of MWCNTs/spinel.
MATERIAL AND METHODS
Material and chemicals
MWCNTs that were used in this study purchased from Aldrich with a purity of 95% and carbon nanotubes with mode diameter of 5.5 nm. 
Catalyst synthesis
The supported co-catalyst was prepared by co-precipitation method. According to this method, 50% of Co(NO 3 ) 2 . 6H 2 O, 50% of Ni(NO 3 ) 2 . 6H 2 O were weighed accurately and dissolved in 400 ml of distilled water with a continuous stirring at room temperature under normal atmospheric conditions. The pH of the resultant mixture was adjusted using a digital pH meter to maintain pH at a required value. To this mixture, Na 2 CO 3 (1M) was added dropwise as a precipitating agent and the solution was kept at a temperature around (70-75 o C). Then the value of the pH of the produced mixture was kept around 9.0. The resultant mixture was left for 2 hours at the same temperature with continuous stirring under air conditions. The obtained mixture was fi ltered of with a Buchner fi ltration fl ask with a vacuum pump. 
Preparation of binary composites
Before synthesizing the binary composites, MWCNTs were activated by treating with a mixture of acid HNO 3 / H 2 SO 4 (1/3) with an ultrasonic water bath for 7 hours 37 . This mixture was used as a strong oxidation reagent to introduce some functional groups on the surface of CNTs. Then 1.0 g of (Co, Ni) 3 O 4 was suspended in 100 ml of distilled water for 30 minutes using an ultrasonic water bath. Then a desired weight of MWCNTs was added to suspension of (Co, Ni) 3 O 4 using ultrasonic water bath. Then the obtained mixture was fi ltered off using a vacuum evaporator (Rota vapor re121 BUSHI 461 water Bath) at 45 o C. The obtained composite was dried overnight in an oven at 110 o C to avoid any physicochemical changes in the carbon materials that occur in higher temperatures in the presence of oxygen.
Activity of spinel and the composite of spinel/MWCNTs
The photocatalytic activity of pristine, (Co, Ni) 3 O 4 and CNTs/ (Co, Ni) 3 O 4 at different ratios was investigated by removing of BBG dye from simulated textile wastewaters. The catalysts (120 mg) were suspended in 100 ml of 50 ppm Bismarck Brown G solutions to a glass vessel. Irradiation of reaction mixture was carried out with UV light with light intensities 1.3 mW/cm 2 .The reaction mixture was adjusted to a constant temperature at 23 o C. Prior to irradiation, the suspension was magnetically stirred in the dark to ensure the establishment of an adsorption/ desorption equilibrium. Then the reaction was initiated by fl ashing UV radiation from middle pressure mercury lamp. Then periodically, 2 ml of reaction mixture was withdrawn at each 10 minutes for a period of one hour CNTs at different ratios of reaction duration. These samples were collected and centrifuged carefully to remove any fi ne particles that may remain in the supernatant liquid. Then the absorbance's were recorded at 468 nm using UV-Visible spectrophotometer (Shimadzu 1100A).
Study eff ect of duration time and catalyst dosages on dye removal
In order to investigate the effect of duration time of reaction and the dosage of the used catalyst on the effi ciency of dye removal. A series of experiments were performed using 100 ml of 50 ppm of BBG dye solution with continuous stirring for one hour using a graduated catalyst masses ( 5, 10, 15, 20, 25 and 30 mg). The absorbance of each sample was measured at λ max = 468 nm.
RESULTS AND DISCUSSION
Characterization of MWCNTs/ (Co, Ni) 3 O 4
The UV-Vis refl ectance spectra of the prepared composites were measured at room temperature in air on Shimadzu 1100A UV-Vis spectrophotometer equipped over the range from 300-600 nm. BaSO4 was used as a standard refl ectance to measure UV-Vis diffuse refl ectance spectra. The X-ray diffraction patterns of the prepared materials were measured on a Phillips X-ray diffraction with CuKα radiation (1.542 A, 40 KV, 30 MA), in the 2θ range, 10-80 degrees. XRD 6000, Shimadzu, Japan. Surface area measurements of (Co, Ni) 3 O 4 powders were performed by the Bruner-Emmett-Teller (BET) method, performed on a 060 and Gemini BET machine. According to this technique, 0.05 g of each sample was dried with fl ushing N 2 gas to remove pre-adsorbed gases in the sample. Then BET specifi c surface areas of the prepared co-catalysts were performed via adsorption of nitrogen at -196 o C. Figure 1 shows the UV-Vis diffuse refl ectance spectra of spinel and CNT/spinel composites. From the obtained results it can be seen that, there is a red shift in absorbance for composites in UV-light region for composited in comparison with the spinel. This probably due to due to intrinsic property of CNTs, inhomogeneous mixing between (Co, Ni) 3 O 4 and CNTs which can act as an excellent carrier of electrons 38 .
The XRD patterns were used to investigate crystal structure of the spinel and composites. Agglomerations were estimated by line broadening using Debye-Scherer equation as shown in the following equation 39 : D = K λ / β cosθ where as, D is the average crystallite size, λ is the X-ray wavelength in nanometer (nm) and it is equal to (0.15405 nm), β is the peak width of the diffraction peak profi le at half maximum height resulting from small crystallite size in radians and K is a constant related to crystallite shape mostly equal to 0.9 for homogeneous shape and (0.89) for heterogeneous shape. Figure 2 shows the characteristic peaks of MWCNTs which appeared at 2θ = 25.9 o and 43.2 o due to diffraction changed from C (100) and C (002) planes of the carbon nanotubes 40 . reduction in the average particle size in comparison with the neat spinel. For pristine and modifying spinel, the fi rst peak disappears in binary composite. The diffraction peaks of MWCNTs were not observed clearly. This probably due to embedding composites peak by much more intense peak for the large ratio of spinel(Co, Ni)
3 O 4 or the low loading amount of the carbon nanotube 43 . From the obtained XRD patterns for spinel as shown in Figure 3, . From these observations there is no interference from CNTs using Scherer ' s equation. The crystallite size of the composite catalysts decreases gradually with the increasing in the ratios of MWCNTs, for 0.5 to 10% MWCNTs. The peaks become more intense and wider with increase the ration of MWCNTs in the composite and this means that particle size was reduced upon composition of these materials 42, 43 . This observation can be attributed to the relatively high specifi c surface area of CNTs which leads to increase of the surface area of the composites with Scanning electron microscopy (SEM) was used to study surface morphology of both spinel and composites and the obtained results are presented in Figures 5 and 6 . From these images the average particle size for spinel was ranged from (27-64) nm as shown in Figure 5 . SEM images of the composites are presented in Figure 6 , and from these images it is found that CNTs are not found in composites with low ratio of CNTs (0.5% and 1%) and this probably due to embedding of CNTs with spinel matrix. At higher ratio of CNTs within composites (5% and 10%) CNTs can be seen within the matrix of spinel.
The results of specifi c surface area and band gap energy for both spinel and the different composites are listed in Table 1 . From these results it is clear that, addition of MWCNTs to spinel lead to increase specifi c surface area. This can be attributed to the high distribution of MWCNTs in the matrix of spinel and strong interactions between composites materials. Beside that band gap energy of the obtained composites was decreased with increase the ratio of CNTs in the composites.
Due to intrinsic structure of CNTs it is having high specifi c surface area with relatively small band gap energy in comparison with neat spinel oxide. So that the obtained composites are expected to show lower band in Figure 7 . The obtained results showed that there was enhancement on dye adsorption over the composites in comparison with that for spinel alone under the same applied conditions. Effi ciency of dye removal was increased as follows, spinel/10%MWCNTs > spinel/5%MWCNTs> spinel/1%MWCNTs> spinel/0.5%MWCNTs> spinel. This can be attributed to the role of CNTs in increasing the adsorption capacity of the composite as it has high surface area with high porosity 44 .
Photocatalytic removal of BBG dye over spinel and composites Photocatalytic removal of BBG over pristine spinel and the prepared composites are shown in Figure 8 . From these results it can be seen that, there was enhancement on the activity of dye removal over composites in comparison with spinel alone. Also it was found that there was enhancement in dye removal over composites as the ratio of CNTs of the composites was increased. Generally, dye removal was increased with increase of Table 1 . Band gap energy and specifi c surface area of spinel and composites of MWCNTs/Spinel gap energy and this probably arises from contribution of CNTs in reduction of band gap energy of the produced composites. Consequently as the ratio of CNTs in the prepared composites was increased this effect becomes more effective and leads to reduce band gap energies of the composites with higher ratios of CNTs 44 .
Eff ect of MWCNTs ratio on adsorption of BBG dye over composites
The results of adsorption of BBG dye over each spinel (Co, Ni) 3 O 4 and different binary composites are shown CNTs on the composites due to enhance of adsorption ability. This is an essential step in photocatalytic reaction on heterogeneous photocatalysis processes. In this type of reaction, the fi rst step is the adsorption of reacting species on the active sites of the catalyst surface. Then these adsorbed species can react with active surface radicals that are produced due to interaction of hydroxyl radicals and super oxide radicals with conduction band electrons and valence band holes that are produced when irradiation of the catalyst particle with a light of a proper energy 44, 45 . From mechanistic view, photodegradation dye removal over photocatalyst under irradiation with UV light follows the pseudo fi rst-order kinetics with respect to the concentration of dyestuff in the bulk solution (C): -dC/dt = K app C By Integration of this equation and by using the same restriction of C = C o at time = 0, and C o being the initial concentration in the bulk solution before starting the light reaction, thus the equation becomes: Ln Co /C = K app t where K app is the apparent reaction rate constant. A plot of ln (C o /C) versus t for BBG degradation with different composite of MWCNTs/ spinel photocatalysts is shown in Figure 8 . The value of K app can be obtained directly from the slope of the respective linear curves in the Figure 9. Comparing the K app for the photodegradation of BBG dye with spinel and the many types of composites. Rate = k app (spinel/ CNT)/ k app (spinel) whereas, k app (spinel/ MWCNTs), k app (spinel) refer to the apparent rate constant for decolorization in existence of composite and spinel respectively 45 . The presence of MWCNTs can cause increasing in decolorization rate and that can be attributed to increase the ability of adsorption for spinel in existing of MWCNTs in composite 45 . Under UV illumination electrons are excited from valances band to the conduction band of the spinel. This leads to forming positive hole h + in valance band and negative charge e -in conduction band. However, these charges can recombine quickly which leads to loss excitation energy via recombination reaction. This process normally occurs in case of use naked phtocatalyst and leads to reduce the effi ciency of the photocatalytic reaction
46
. When using composites of spinel/ MWCNTs, CNTs are attached to the surfaces of spinel and in this case exited electrons in conduction band of spinel transfer to the surfaces of MWCNTs. This can lead for separation and prevent or at least reduce recombination process 46 . This effect can lead to increase the live time for positive hole and then contribution in formation of OH surface radicals in high concentration and the exited electron can react with O 2 gas to form superoxide O 2 -radicals. Addition of small quantities MWCNTs to the semiconductors can cause changes on the conductivity , this can improve the conductivity of the spinel 47, 48 . Also adding CNTs into the spinel can reduce the agglomerations of spinel in binary composites which leads to appear more active site. In composites of spinel/CNTS, e -/h + would diffuse into two opposite directions, e -on the surfaces of CNTs more ability to accept the electrons, then spinel. 
CONCLUSIONS
In this work three ratios of MWCNTs were combined with the spinel oxide (Ni, Co) 3 O 4 to yield spinel/ MWCNTs composites. These materials were prepared This process was performed using simple evaporation method. Form the obtained results in this study it was found that, the composite showed higher ability on dye removal in comparison with the single components. The coupling effect of adsorption/photocatalytic processes which occur between carbon nanotubes (MWCNTs) and spinel oxide is expected to show a remarkable enhancement in the effi ciency of BBG dye removal under the applied reaction conditions. Besides that the prepared composites showed higher specifi c surface areas with lower band gap energies in comparison with single components materials.
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